Abstract Phylogenetic comparative studies rely on speciesspecific data that often contain missing values and/or differ in sample size among species. These phenomena may violate statistical assumptions about the non-random variance component in sampling effort. A major reason why this assumption is often not fulfilled is because the probability of being sampled (i.e., being captured or observed) may depend on species-specific characteristics. Here, we test this assumption by using information on within-species sample sizes and missing data from five independent comparative datasets of European birds. First, we show that the two estimates of data availability (missing values and withinspecies sample size) are positively correlated and are associated with research effort in general (the number of papers published). Second, we demonstrate biologically meaningful relationships between data availability and phenotypic traits. For example, population size, risk-taking, and habitat specialization independently predicted within-species sample size. The key determinants of missing data were population size and distribution range. However, data availability was not structured by phylogenetic relationships. These results indicate that the accuracy of sampling is repeatable and distributed non-randomly among species, as several species-specific attributes determined the probability of observation. Therefore, data availability seems to be a speciesspecific trait that can be shaped by ecology, life history, and behavior. Such relationships raise issues about non-random sampling, which requires attention in comparative studies.
Introduction
In a recent theoretical paper , we emphasized that comparative studies may be biased due to the non-random occurrence of missing data, which can occur if certain species are not represented in the study or if unequal numbers of individuals are sampled for different species. This is because to derive species-specific traits, individual animals must be detected, encountered, and/or captured for sampling, and the likelihood of such events vastly differs among species causing considerable interspecific variation in sampling effort. The probability of sampling may depend on the ecology, life-history, phylogenetic position, and behavior of species, and these characteristics can be hypothesized to determine data availability.
The aim of this study was to assess this hypothetical relationship between within-species sample size, the occurrence of missing data and certain biological predictors. For this evaluation, we chose to focus on European birds, which are frequently studied in a comparative context (Bennett and Owens 2002) . We could obtain data on sampling effort from five independent comparative projects that included a large number of species. By comparing within-species sample sizes and the probability of missing data to occur across these studies, we tested if sampling effort varies consistently within-species. We also assessed whether sampling effort is independent of phylogenetic relatedness of species and explored whether different biological predictors can mediate interspecific variation in sampling effort. Particularly, we related within-species sample size and missing data to population size, distribution range, body size, habitat generalism, the degree of adaptation to urban environments and an estimate of risk-taking.
We generally relied on the null hypothesis of random distribution of data availability, and deviations from this hypothesis would yield correlations between the above variables. Particularly, a positive correlation between withinspecies sample size and instances of missing data would imply that certain species are systematically better studied than others indicating that sampling effort should be considered a species-specific characteristic. Moreover, if sampling effort is dependent on phylogeny, we should detect evidence for certain taxa being better studied than others or for a phylogenetic signal in within-species sample size. Finally, we need to reject the hypotheses that data are available at random with respect to life history, ecology, and behavior of different species if we found evidence for any relationship between the predictors and sampling effort. If these alternative scenarios are supported it would undermine one of the key assumptions of interspecific studies, which requires missing information to occur randomly.
Materials and methods

Estimates of research effort
We searched the literature for comparative studies that focused on bird species with a breeding distribution within the Western Palearctic. This group of animals is ideal for our purposes, because it is often used in comparative tests potentially providing independent data on research effort for a large number of species. Additionally, we could obtain information on predictor variables in a consistent way (see below), allowing for powerful interspecific comparisons. In our literature survey, large interspecific sample size was of great concern, as we attempted to obtain a balanced dataset on missing data, for which we considered the whole European avifauna (526 species). We continued with extracting information from comparative datasets that provided data on at least 100 species. The following sources were included.
In a series of evolutionary studies, one of us (APM) investigated the interspecific correlates of senescence (Møller 2006a (Møller , b, 2008d , in which the author used an estimate of sampling effort. This estimate relied on the total number of recoveries and recaptures of banded birds across Europe ranging from 106 to 187,764 among species (CV0212.8 %), with a total of 2,640,601 records (http://www.euring.org). These data were provided for 257 species of common birds in Europe, for which longevity records were available. Such information was missing for 269 species.
Another set of studies used a large collection of dead birds (e.g., Garamszegi et al. 2002 Garamszegi et al. , 2005 Møller et al. 2003 Møller et al. , 2005 , which is managed by an expert taxidermist (Johannes Erritzøe) based on casualties brought to him over decades (http://www.birdresearch.dk/). This dataset included 164 species from Europe, which were represented by 1 to 140 individuals that have been processed (1820 records in total, CV0191.6 %). For the remaining 362 species, no records were available.
We also obtained data from multiple sources that screened blood of captured adult birds of any sex that breed in Europe for haemoparasite prevalence (Bennett et al. 1982; Haberkorn 1984; Merino et al. 1997; Valkiūnas et al. 1999; Krone et al. 2001; Shurulinkov and Golemansky 2003; Mendes et al. 2005; Palinauskas et al. 2005; Wiersch et al. 2007; Ishak et al. 2008; Krone et al. 2008; ). This compiled dataset included 150 bird species that had at least one individual sampled, while the maximum within-species sample size was 370 (CV0176.8 %). This resulted in information for the remaining 376 birds to be missing. In total, the provided data included 5,867 individuals. Nelson (2002, 2003) measured endo-cranial volume of a total of 10,364 individuals representing 1,482 species from museum specimens and carcasses. This dataset included 159 European species, with 2-37 specimens measured providing a sample of 1,454 individual birds altogether. Therefore, data were missing for 367 species in this study. Note that the variation in within-species sample size in this dataset was quite low when compared to the other datasets, as the majority of species were represented by ten observations (CV044.3 %, whereas CV>100 % in the other datasets).
The above datasets correspond to the capture or physical encounter with the subject animals. We also used a set of studies that sampled interspecific variation based on observations of visually detected birds. One of us (APM) initiated a project on flight initiation distances, in which he collected extensive behavioural data in France and Denmark during February-September 2006 (Møller 2008a Møller et al. 2008b) . So far, 153 species were seen and scored for flight initiation distance (FID) corresponding to 4,126 individual records in total with 1-349 observations per species (CV0157.8 %). Only individuals that could be detected with a pair of binoculars from distances exceeding 30 m were subsequently scored for FID to avoid problems of distance affecting detectability and thereby biasing the estimates. The researcher used binoculars in each case to ensure that he did not miss small species at that distance. In this sampling scheme, 373 bird species from Europe remained undetected. Thus, this last study avoided problems of capture probability affecting sample sizes, although detection probability may have been affected.
From the above five large datasets (termed "senescence", "taxidermist", "malaria", "brain size" and "behavioural" dataset, respectively), we extracted within-species sample sizes in the form of the number of individuals studied (captured or observed), as measures of sampling effort. We used these data on their original but log 10 -transformed scale to assess the correlation between within-species sample sizes in different datasets. To test the effect of different predictors on species-specific data availability in general, we created a combined estimate across the five datasets. For this purpose, given that the scale of the source studies was quite different, we first standardized sampling effort by adjusting species-specific estimates of sampling effort to a common zero mean and unit variance by using Z scores of the original variables. Then, we could combine withinspecies sample sizes across the five sources by calculating the mean of the standardised scores. Although we carried out this combination to allow generalizations, we must acknowledge that the importance of within-species data availability may vary depending on interspecific sample size, which we thus disregard in the following analyses with the combined data. However, in principle, we are interested in universal patterns regarding relative differences in sampling effort and not to explain differences between studies in terms of the variance in within-species sample size (see Table 1 ). We found that non-standardised estimates are strongly correlating, thus combined estimates contain species-specific information and making generalizations for the former phenomenon is meaningful.
We also classified each species in each source with regard to the occurrence of missing data. We first created a complete list European species, and checked if species-specific data were available for each of them in the five datasets. If data were not reported for a species in a particular dataset, it was considered to have missing data in that source. We summed this variable across the five sources by counting how many times species were found with data in different sources. Accordingly, if a species was listed in all sources, it received a score of five, while a species missing in all studies received a score of zero. This summed estimate of missing data was treated as an ordinal variable.
The probability of having any biological information on a given species may depend on the intensity of studies targeting the species in general. Therefore, we also estimated sampling effort in a broader sense. We counted the number of papers published since 1972 on each species as cited in the ISI Web of Science (http://www.isiknowledge.com/). If we repeated this procedure separately for two 15-year periods (1975-1990 and 1991-2006) based on random selection of 20 species, we obtained highly repeatable estimates (r00.801, N020, P<0.001). Similarly, the number of hits counted in a Google Scholar search also revealed strong correlations with the estimates based on the Web of Science hits (r00.821, N020, P<0.001). Therefore, our measure of sampling effort in a broader sense can be considered as reliable and not confounded by variations between search engines and publication years.
Phylogenetic and taxonomic information
To test whether any taxon is systematically more studied than others, we categorized each species according to its taxonomical position, for which we relied on the Howard and Moore classification (Dickinson 2003) . To this end, we placed species into the following taxonomic groups: genus, family, and order.
Moreover, we also applied phylogenetic tests to estimate evidence for phylogenetic signal in the research effort data. For this purpose, we created a composite phylogeny by using information from Sibley and Ahlquist (1990) , which were combined with resolutions from other sources (Sheldon et al. 1992; Seibold et al. 1993; Suhonen et al. 1994; Blondel et al. 1996; Badyaev 1997; Leisler et al. 1997; Cibois and Pasquet 1999; Møller et al. 2001 ). We applied branch lengths from Sibley and Ahlquist (1990) for higher taxonomic levels. Within families the distance between different genera was set to 3.4 ΔT 50 H units and between species within genera to 1.1 ΔT 50 H units. Using equal branch lengths, which is equivalent to an assumption of a punctuated model of evolution, gave very similar results.
Biological predictors
Abundance and population density may determine the likelihood of sampling because rare species should be more difficult to observe or capture due to their lower encounter rate than common species. Data on population sizes were obtained from Burfield and van Bommel (2004) , who reported the total number of breeding pairs in the Western Palearctic west of the Ural Mountains, obtained in a consistent way from national bird census programs in all countries. We used the mean of the minimum and maximum estimates in that source.
Distribution range may also constitute important constraints for sampling probability, as more people have a higher chance to observe widely distributed species than species with narrow ranges. We estimated the total world geographical range of each species by using the boundaries of their distribution. This was approximated as the area of the shape bounded by the greatest span of latitude and longitude of each species' breeding range, as published in Cramp and Perrins (1977-1994) , which was corrected for the curvature of the earth (see Møller et al. 2008a) . In widespread species, Old and New World ranges were calculated separately and subsequently summed to exclude the area of the North Atlantic. This estimate was strongly correlated with estimates originating from direct image analyses, with calculations based on the counts of one-degree grid cells overlain on published breeding distribution maps, and with range size as reported for a subsample of threatened species .
Body size can also have direct implications for a suitable within-species sample size, if small-bodied subjects are practically more difficult to detect, collect, or capture than large subjects. Moreover, body size differences can indicate differences in life history (see Vitone et al. 2004; Webster et al. 2004; Møller 2006b; Kamilar et al. 2010) , which may also involve factors that influence the probability of sampling. Accordingly, body mass was recorded as the mean mass of males and females from the breeding season, as reported by Cramp and Perrins (1977-1994) . If more than a single estimate was reported in that source, we used the one with the largest sample size.
Habitat generalism may also play a role, because species occupying several different habitats are likely to have higher chance to become detected by human observers than specialist species exploiting a single environment. Following the approach of Belliure et al. (2000), we counted the number of different breeding habitats listed in the habitat sections of Cramp and Perrins (1977-1994) . Because these habitat categories were defined before the data were collated for this handbook, and because all habitat descriptions were made blindly with respect to the predictions being tested here, these habitat descriptions cannot have caused any bias in the analyses. Several studies have shown that this estimate of habitat specialization provides scientifically useful information (Belliure et al. 2000; Cardillo 2002; Møller et al. 2004 Phillimore et al. 2007) .
Species inhabiting certain environments such as urban habitats may also be easier to collect than specialists of specific habitats that are less accessible for human observers. We defined a species as being urbanized based on information in Cramp and Perrins (1977-1994) and Glutz von Blotzheim and Bauer (1966-1997) , as described in detail in Møller (2009) . We relied on these standard handbooks because the information was collated in a similar and stringent way, allowing comparison among species. We combined this with personal experience with all the species considered, including information from colleagues interested in urbanization of birds. A species being classified as urbanized had to fulfil the following two criteria: (1) Breeding populations occur inside towns and cities. (2) Population densities in towns and cities are larger than in nearby rural habitats. Based on these criteria, we made a list of 65 urbanized species of breeding birds out of the 526 species recorded in the Western Palearctic, fulfilling the two criteria listed above. We note explicitly that many species are urbanized in some areas but not in others because urbanization is an ongoing process that initially starts in one area, followed by colonization of urban areas in other parts of the continent or independent urbanization in such cities. Still different indicators of urbanization are positively correlated and significantly repeatable among cities (review in Møller 2012) . Regardless, we categorized these species as being urbanized.
Risk taking can also affect encounter rate, because shy species may be more difficult to observe than bold species, as they are more likely to avoid the traps or flee from the observer. Data on flight initiation distances were collected to reflect risk taking, as risk taking birds allow an observer to approach them at a closer distance without fleeing than risk aversive birds (Burger and Gochfeld 1991a, b; Fernández-Juricic et al. 2001 Blumstein 2003) . One of us (APM) used a modified technique developed by Fernández-Juricic, Blumstein and their co-workers to score risk taking behaviour in birds observed in France and Denmark during February-September 2006 . A full description of the procedures and three different cross-validations of the data are reported in Møller (2008a, b, c) . In brief, when an individual bird had been located with a pair of binoculars, APM moved at a normal walking speed towards the individual, while recording the number of steps (which approximately equals the number of meters). The distance at which the individual took flight was recorded as the flight initiation distance. If the individual was positioned in the vegetation, the height above ground was recorded to the nearest meter. Flight initiation distance was estimated as the Euclidian distance that equals the square root of the sum of the squared horizontal distance and the squared height above ground level (Blumstein 2003) .
Data availability differs across predictor variable, as there was missing information for an unequal number of species. Therefore, sample size varies across analyses. The full dataset can be found in the electronic appendix.
Statistical analyses
Continuous variables were log 10 -transformed for the interspecific analyses, except combined estimates of sampling effort based on within-species sample size and missing data. Pearson's correlations between different estimates of research effort were performed to test for their consistent variation across sources. For this comparison, we present analyses based on the raw-species data without correcting for phylogenetic effects, as phylogenetic generalized least squares (PGLS) modelling revealed that none of the variables that reflect data availability and research effort are confounded by phylogeny (see "Results" section). In such case, simple correlations are equivalent with the PGLS model that assumes zero covariance due to common descent (λ00, see below). We also repeated these tests based on non-parametric statistics, as the assumption about normal distribution was violated in some cases. In a first set of analyses, we searched for correlates of within-species sample size across the five different datasets. Analogically, we also compared missing data between sources, for which we used contingency tables. Then, we used the combined estimates across sources and tested for a relationship between standardised within-species sample size and missing data by using correlation approaches (overall missing data is considered an ordinal variable). We also assessed the relationship of these variables with the general estimate of research efforts based on the number of Web of Science hits.
Nested analyses of variance (ANOVAs) on the mean of the standardized within-species sample size and on the summed estimate of missing data were performed to investigate if there was any taxa-specific variation at the above species level in data availability (order, family, and genus). To evaluate the possibility that closely related species are more likely to share sample sizes than more distantly related species, we used phylogenetic modelling. This exercise was carried out by using the PGLS approach, which incorporates a matrix of the expected covariances among species due to shared phylogenetic structure (Martins and Hansen 1997; Pagel 1999 ). This method enabled us to estimate the degree of phylogenetic signal within the data in the form of lambda (λ) statistics (Freckleton et al. 2002) . We evaluated the likelihood surface depicted by a range of evolutionary models that assume different degrees of phylogenetic dependence. Models relying on λ00 are equivalent with phylogenetic independence, while models constrained with increasing (up to 1) λ imply stronger phylogenetic structure in the data at hand.
We also used the PGLS method to test for correlations between the biological predictors and combined estimates of data availability. We conducted these analyses by setting the phylogenetic scaling factor (λ) to its maximum likelihood estimate that had been evaluated for the model investigated. We did this although we found that sampling is independent of phylogeny, because there might be phylogenetic structure in the predictor variables (see Abouheif 1999) . We fitted all phylogenetic models in the R statistical computing environment, with additional unpublished functions by R. Freckleton (University of Sheffield, available upon request) for the PGLS procedure developed for continuous and discrete variables and multivariate models.
To determine the strength and direction of the predicted relationships, we estimated effect sizes (such as correlation effect size "r" sensu Cohen 1988 ) and the associated 95 % confidence intervals (95 % CI) for each particular relationship. We preferred focusing on effect sizes rather than significance levels because models with a large number of species would likely support weak, but statistically significant effects that only explain a small proportion of the variance (Nakagawa and Cuthill 2007; Freckleton 2009; Garamszegi et al. 2009a ). Therefore, we focused on the strength of the relationships (effect size) by considering the precision (95 % CI) by which it can be measured given the available data. However, for illustrative purposes, we also present P values, but avoid discussing statistical significance. We combined effect sizes across the five sources of sample size data by adopting a meta-analytic approach, in which effect sizes were averaged by using sample size as weights (Garamszegi 2006) .
Results
Consistent variation in within-species sample size and missing data
Overall, within-species sample sizes were positively correlated with each other across the five independent datasets (i.e., effect sizes and confidence intervals fall in the positive range, Table 1 ). This indicates that consistently larger sample size is available for some species while others are systematically represented with smaller sample size. The only exception was sample size from the "brain size" data, which showed considerably weaker effects. This might be due to the fact that the variation in sample size was smaller in this study than in others. The combined effect size across all correlations was r00.333, implying that within-sample size is generally repeatable at this magnitude. The picture was very similar for missing data (Table 2) , in which "brain size" data also followed the general pattern. Therefore, it is very likely that if there is missing information for a species in one study, there will be no data for the same species in another study. On average, the magnitude of this effect was r00.360.
The above analyses revealed that within-species sample sizes and missing data are species-specific traits, thus combining them across sources makes biological sense. These combined measures also showed correlations with each other (r 00.415, N 0339, 95 % CI00.323/0.499, P<0.001, Fig. 1) , and with the estimate of general research effort (within-species sample size: r00.504, N0339, 95 % CI00.420/0.579, P<0.001; missing data: r00.659, N0526, 95 % CI00.608/0.705, P<0.001; Fig. 2 ). These results further suggested that data availability varies systematically among species and reflects sampling effort in a broad sense.
Data availability and taxonomic and phylogenetic relationships
In our further search for taxonomic structure, we found that higher (i.e. above-species) taxonomic levels are unlikely to explain considerable variation (i.e., >10 %) in within-species sample size (nested ANOVA: order, F 18,165 00.714, r00.014, 95 % CI0−0.093/0.120, P00.793; family, F 42,165 00.886, r 00.023, 95 % CI 0−0.083/0.130, P 00.670; genus, F 113,165 00.657, r < 0.001, 95 % CI 0−0.106/0.107, P00.991). That was also the case for overall missing data (nested ANOVA: order, F 18,303 01.242, r 00.053, 95 % CI 0−0.033/0.138, P 00.226; family, F 50,303 01.286, r 0 0.071, 95 % CI0−0.015/0.155, P00.106; genus, F 154,303 0 0.907, r00.014, 95 % CI0−0.072/0.099, P00.752).
We traced data availability along the phylogenetic tree of species and fitted different evolutionary models that consider different scaling of the lambda parameter. When examining the potential for phylogenetic signal in the withinspecies sample size data, we found that the maximum likelihood estimate of λ was 0. For missing data, the maximum likelihood was also achieved with a model that relied on λ0 0. We tested whether models relying on the maximum likelihood estimate of lambda were considerably better than models completely incorporating phylogenetic effects by using λ01. In both cases, there was strong evidence against the model that applied full phylogenetic correction (withinspecies sample size: likelihood ratio0284.086, r00.915, 95 % CI00.896/0.931, N0339 species, P<0.001; missing data: likelihood ratio0333.294, r00.796, 95 % CI00.762/ 0.825, N0526 species, P<0.001). Therefore, we detected no evidence for data availability being structured by the phylogenetic relatedness of species.
Biological predictors
The pair-wise relationships between combined withinspecies sample size and the seven predictors are given in Fig. 1 The relationship between standardized within-species sample size and missing data. Data are combined estimates from five independent comparative projects. The line is the regression line Table 3 . These correlations yielded effect sizes of considerable importance for several variables. In the majority of cases, we can rely with 95 % confidence that variation in within-species sample size does not occur randomly with respect to the predictor variables (i.e., effect size is different from zero). However, the explanatory role of different predictors varies: some are represented by intermediate effects (e.g., population size, urban life), while others have smaller effects (e.g., distribution range, habitat generalism, and flight distance). Lambda estimates indicated that these effect sizes were independent of the phylogenetic relationships of species.
We detected similar tendencies when analyzing the determinants of variation in missing data. In fact, the predictor variables with considerable role (population size, distribution range, habitat generalism) explained more variance in data availability, as indicated by the corresponding effect sizes that were generally larger in magnitude than in the case of within-species sample size (Table 3 ). The exception was the relationship with flight distance, which covered an effect size with a 95 % CI that represented a weaker role. Moreover, as lambda parameters indicated, the relationships should be adjusted for a slight phylogenetic signal in the data (potentially caused by the predictors that vary nonrandomly with regard to the phylogeny).
Predictor variables can be correlated among themselves, and such correlation structure has to be taken into consideration. For example, population sizes and distribution ranges depend on body size, or urban life partially results from reduced habitat generalism. Moreover, making conclusions for population density only makes sense, if population size is estimated when distribution range is held constant. Therefore, we also performed a multi-predictor analysis to remove the confounding role caused by the association between the predictors to test for their independent effects. The multipredictor models provided a slightly different picture compared to the pair-wise relationships (Table 4 ). In the withinspecies sample size model, the effect size for urban life decreased, while it increased for body size. In the missing data model, several variables lost importance, but still confidence range for population size and distribution range fell within the range of small-to-large effects (i.e., between 0.1 and 0.5). Importantly, the multi-predictor models were able to explain ∼50 % of the variance in sampling effort. Therefore, some of the correlations in the pair-wise comparisons (Table 3) might have spuriously emerged because of the intercorrelation between the predictors. However, interpretations for correlating predictors in a multiple regression should be made with caution if they are measured with different errors, as variables with less error can overwhelm variables with more error (Freckleton 2011) . Unfortunately, with the available correlative data, we cannot trace these effects further.
Discussion
In this analysis of data availability in comparative studies, we have demonstrated that within-species sample size and missing data vary in a consistent manner across studies. This repeatable variation implies that there are species for which data are generally more accessible than for others. The within-species sample size and the occurrence of missing data are likely to reflect the same phenomenon. Missing data may represent the case when within-species sample size is zero, while unequal sample sizes can also be considered as a consequence of missing data, because missing information for unequal numbers of individuals serve as a basis for variation in within-species sample size. As a result of this phenomenon, we found that data availability constrains the intensity of research effort (Fig. 2) . Species for which sample size is generally limited or data are often missing are more difficult to study, which has a strong impact on the amount of scientific information accumulated on these species. Therefore, future comparative studies should consider whether availability of data is subject to random noise or can cause systematic bias in interspecific samples.
Interspecific variation in sample size and missing data can be described by true biological variables, as we demonstrated Fig. 2 The relationship between sampling effort and general research effort, when sampling effort is estimated as a within-species sample size, and b missing data. General research effort is measured as the number of papers published (the scale is log 10 -transformed). The line is the regression line strong evidence that data availability is determined by several species-specific characteristics. For example, species with larger population size and distribution range have higher probability to be represented with a larger sample size in comparative data than species with smaller population size and distribution area. This pattern is in accordance with the hypothesis that less abundant and rare species are generally difficult to capture or observe. Moreover, body size also seems to explain some additional variation in within-species sample size. Therefore, we obtained support for the hypothesis that species with larger body size are more likely to be studied than species with smaller size. This is an important finding given that body size correlates with an entire suit of life-history traits (Bennett and Owens 2002; Jeschke and Kokko 2009) , implying that data availability can depend on how species organize their life along the "fast" and "slow" life-history continuum. This study provides further evidence that sampling effort is shaped by risk aversion. It has been suspected for a while that trappability may be affected by fear response of animals, as shy individuals are more likely to show consistent trap-averse behavior and may be more difficult to capture than bold individuals (Wilson et al. 1993) . At the intraspecific level, the relationship between trappability and boldness has been shown to exist in fishes (Wilson et al. 1993) , mammals (Réale et al. 2000; Malmkvist and Hansen 2001) , and birds (Mills and Faure 2000; Garamszegi et al. 2009b ). Such a relationship can have consequences for non-random sampling, as the pool of successfully caught animals is more likely to include bold individuals than the pool of animals that avoid the trap. This can cause systematic bias, if the investigated traits are also related to risk taking (Garamszegi et al. 2009b ). Here, we provided the first evidence that such sampling bias caused by shy-bold behaviors could occur in interspecific datasets. Flight distance is an inverse estimate of risk taking (Fernández--Juricic et al. 2001 Blumstein 2003) . The same species consistently show the same escape behavior in the presence of a potential predator, and thus it makes biological sense to discriminate between risk prone and risk aversive species (Møller 2008a, b, c) . Such variation was found to relate to sampling effort, as risk prone bird species are usually represented by larger within-species sample size than risk aversive species. Interspecific variation in flight distance reflects variations in several other species-specific phenotypic traits (Møller 2008a, b, c) . Therefore, if within-species sample size is biased by risk taking, it will also be structured by the correlates of flight distance. We were unable to provide evidence for data availability being structured by the phylogenetic relationships of species, thus missing data and within species variation can occur randomly with respect to phylogeny. Therefore, closely related species do not necessarily impose similar challenges for data collection. This is an important finding, because it implies that the statistical control for phylogeny does not automatically remove errors due to unbalanced sampling. In other words, if data availability is not related to phylogeny, it does not override biases due to other factors (e.g., morphology, life-history, and behavior), which can still confound estimations about correlations or ancestral states . For example, comparative results are likely to change when the sample is tilted toward better-studied species, because these species have wider distributions, larger bodies, and take higher risk in the presence of predators. Justification for how non-random missing data can affect parameter estimation regardless of phylogeny can be found in Freckleton (2008, 2011) , while a case providing evidence for captured and non-captured fractions of birds showing different correlations is given in Garamszegi et al. (2009b) . The lack of phylogenetic signal in the sample size data does not undermine the importance of phylogenetic corrections in the focal analyses. Closely related species can share several phenotypes, and thus it can happen that inadequately sampled species are associated with well-studied species with similar phenotypes when phylogenetic corrections are warranted (Felsenstein 1985) . We note that the inability to demonstrate strong phylogenetic effects in this study may be specific to the data at hand, and for other animal taxa, it remains an empirical question if available within-species sample sizes are structured by common ancestry. In general, the causes of the variance in within-species sample size and missing data should be identified for each interspecific data set.
Our entire analysis was based on birds, thus making generalizations beyond this particular taxonomic group is unwarranted. Other vertebrate or invertebrate clades may have different characteristics that affect sampling. Therefore, future studies should further examine the factors responsible for shaping intra-specific sample sizes and the occurrence of missing data in comparative studies of mammals, fishes, or insects. However, on theoretical grounds, we could expect that sampling bias due to the unequal probability of individuals of different species being captured is likely to exist in non-avian taxa as well, because species can differ in several aspects of morphology, ecology, and behavior, which can all have consequences for trappability . For example, if a comparative study of primates primarily targets terrestrial species due to the difficulty of capturing arboreal species, the interspecific data will be loaded with biases due to body mass, social groups size, and locomotion as well as phylogeny (Arnold and Nunn 2010) . In fact, issues about non-random sampling should be considered when working on plants (Westoby 1999 (Westoby , 2002 .
In conclusion, we derived empirical evidence in birds that available within-species sample sizes can depend on certain ecological, life history, and behavioral factors, suggesting that it is invalid to assume in comparative studies that variation in data availability occurs randomly. The non-random appearance of missing information poses several problems in interspecific comparative contexts. These problems include issues about statistical power and measurement error and also about biased parameter estimation and model selection results as well as erroneous ancestral state reconstructions (see details in Garamszegi and Møller 2011) . We infer that these problems are currently being severely neglected in the comparative literature. Although data limitations arise from technical constrains and the shortcomings of non-random sampling are often hard to avoid during data collection, some practical advice on appropriate data collection can be followed in order to achieve more balanced and phylogenetically targeted samples (Mitani et al. 1996; Ackerly 2000; Maddison 2000; Harmon and Losos 2005; Arnold and Nunn 2010) . By doing so, the observer could potentially determine the optimal within-and between-species sample sizes and the list of species to study for the biological question and animal taxa at hand, which would in turn minimize biases due to uneven sampling. However, if targeted sampling is not fully accomplishable, future interspecific studies can also benefit if issues about non-random sampling are considered at the level of analysis. For example, one can estimate diagnostic statistics to investigate if the available data represent a random sample of the natural diversity and more specifically determine whether variation in within-species sample size causes bias. In cases when non-random sampling is detected or suspected, data imputation methods can be applied to replace missing values by considering the phylogenetic relationships of species (Fisher et al. 2003) . Moreover, phylogenetic methods are also available for incorporating within-species variances into the analyses (e.g., Ives et al. 2007; Felsenstein 2008; Paradis 2011) or that can balance for unequal sample sizes (Garamszegi and Møller 2010) . Finally, issues about nonrandom study effort should be considered at the level of interpretation, as care should be made when generalizing beyond the data (Freckleton 2009 ). These practical suggestions are discussed in greater detail in a companion theoretical paper .
